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Abstract
This paper studies the sudden changes in volatility of the five most traded shares on the Bucharest Stock Exchange
Financial Investment Companies, by using the ICSS algorithm proposed by Inclan and Tiao (1994). Events leading to
unexpected changes in variance are predominantly local ones; the only significant global event, with negative influence on 
the volatility regime is the evolution of foreign markets in 2008-2009, following the global financial crisis. In terms of 
persistence in volatility, it is found that the false long memory effect is gone when the dummy variables associated to events 
that have caused sudden changes in volatility are incorporated in the GARCH model.
© 2012 Published by Elsevier Ltd. Selection and peer-review under responsibility of the Emerging
Markets Queries in Finance and Business local organization
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1. Introduction
Any investment in financial assets should be considered closely related to two concepts: return and risk. In
recent decades, modeling volatility, as a measure of risk, captured an increasingly larger interest, because of its
important implications for risk management decisions, portfolio selection and evaluation of financial asset
prices.
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Choi, Yu and Zivot 2006 conclude that although daily returns are relatively unpredictable, volatility is 
highly predictable, showing persistent time dynamics. Lamoureux and Lastrapes 1990 argue that this 
persistence in time of various shocks affecting volatility is the main drawback of GARCH models, which can 
overestimate it when unexpected changes are ignored. According to Chou 1988, persistence in volatility can 
have a significant impact on prices and high levels of it prevent mean reversion. Aggarwall, Inclan and Leal  
1999 examine the sudden changes in the volatility of several emerging markets, concluding that structural 
breaks are related to local political, social and economic events Mexican peso crisis, hyperinflation in Latin 
America etc., the only global significant event being the 1987 October stock market crash. 
On the other hand, Kang, Cho and Yoon 2009, Hammoudeh and Li 2008 conclude that the events giving 
rise to sudden changes are rather global than local ones. Todea and Platon 2012 determine that accounting for 
sudden shifts in volatility in Central and European foreign exchange markets significantly reduces the 
persistence of volatility and long memory. Vyrost et al. 2011 studied three Central and Eastern European 
markets, finding an inverse relation between persistence and the number of structural breaks and their position 
in the series, so the choice of the method by which these breaks are identified directly influences the magnitude 
of persistence in volatility. The remaining of this paper is structured as follows: Chapter 2 details the 
methodology employed, Chapter 3 discusses the data sample, Chapter 4 presents the empirical results, and the 
last chapter is reserved for conclusions. 
2. Methodology 
2.1. ICSS Algorithm  Identifying the sudden changes in variance 
This paper implements the ICSS algorithm Iterative Cumulative Sum of Squares proposed by Inclan and 
Tiao 1994, in order to endogenously detect break points in variance. The algorithm assumes stationary variance 
over an initial period, until various events generate a break point, then the variance returns to stationarity until 
the next occurrence of rupture. Using cumulative sums of squares, this algorithm determines the number and 
position of sudden shifts in volatility. 
Let t  be a series of independent and identically distributed observations from a normal distribution with 
zero mean and unconditional variance 2t . In order to estimate the number and placement of the break points, 
a cumulative sum of squares is used, as follows: 
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around 0, as long as no unexpected changes in volatility occur. The critical values based on the Dk distribution, 
under the null of stationary variance give the upper and lower limits for detecting the drifts, with a known 
probability. If kk Dmax  is greater than the critical value, there is an unexpected change in variance and k* (the 
k value at which the maximum of the Dk statistic, standardized by applying the 
2
T term, exceeds the critical 
value) is an estimation of the break point. However, when there are multiple change points, it is difficult to 
followed by a moderate one is overlooked by the Dk function. To avoid this, the Dk function is used 
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sistematically, by applying it first to the entire range, in order to detect the first break point. This process is then 
repeated on each subinterval delimited by two break points until the critical values are no longer reached. 
2.2. The GARCH model 
As the main objective of this paper is to identify the break points, not the specific modeling of each series, 
the model we use is the standard GARCH 1,1. The problem of overestimating volatility persistence is corrected 
by incorporating in the model the sudden change points detected by the ICSS algorithm, as follows: 
tt eY ,       ),0(~| 1 ttt hNIe        (2) 
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111 ttnnt heDdDdh       (3) 
where N represents the conditional normal density with zero mean and variance th , 1tI  is the information 
available at t 1 and nDD ,,1  are dummy variables taking the value of 1 for each break point in variance 
onwards and 0 otherwise. Serial autocorrelation , if present, is corrected by incorporating in the mean equation 
autoregressive terms. Wang and Moore 2009 raise an issue regarding the critical thresholds used by the ICSS 
algorithm, which are obtained under the null hypothesis of normally and independently distributed shocks. 
When the data generation process is a GARCH one, critical values should be higher because some of the 
changes in variance are short-lived, due to minor events. Therefore, model (1) is re-estimated using only 
significant dummy variables. 
3. Data 
The data sample we use includes the weekly quotations of the five financial investment companies (FIC) 
between 01/05/01 and 03/30/11. Returns are calculated using the formula  
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where Ct,i is the quotation reported for FICi in the week t. To avoid the effects of possible market anomalies, we 
use the quotations recorded on Wednesday. 
The Jarque-Bera test statistics reject the null hypothesis of normal distributions at the 1% significance level; 
the series show negative skewness and large kurtosis coefficients, suggesting leptokurtic distributions. Both 
returns and their squares present significant linear correlation, except for the Muntenia FIC returns FIC4. The 
presence of correlation in return series suggests estimating autoregressive models, in order to filter linear 
dependencies. The Augmented Dickey-Fuller and Phillips-Perron tests show, at a 99% confidence level, that all 
series are stationary and no differentiations are needed. The KPSS test leads to the same conclusion, the null 
hypothesis of stationarity of the series can not be rejected. 
Table 1  Descriptive statistics and unit root tests 
  FIC1 FIC2 FIC3 FIC4 FIC5 
Panel A  Descriptive statistics 
Mean 0,005968 0,006768 0,005394 0,004745 0,006447 
Standard 0,074292 0,080463 0,073290 0,070996 0,074239 
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deviation 
Skewness -0,564835 -0,915818 -0,515716 -0,376023 -0,389110 
Kurtosis 7,281308 9,647013 6,742313 5,788344 5,641529 
Jarque - Bera 468,9043*** 1136,943*** 358,5108*** 198,7804*** 181,6832*** 
Q(16) 36,676*** 24,469* 25,500* 15,619 43,445*** 
Qs(16) 96,741*** 145,04*** 70,187*** 32,313*** 78,140*** 
Panel B  Unit root tests 
ADF -21,9759*** -22,0370*** -23,2231*** -22,8570*** -20,8644*** 
PP -22,1264*** -22,2754*** -23,5269*** -22,8551*** -21,3818*** 
KPSS 0,4007 0,309133 0,381257 0,376096 0,281815 
*, **, *** denote the rejection of the null hypothesis, at the 10%, 5% and 1% levels, respectively 
Q(16) and Qs(16) are the Ljung-Box test statistics, for the 16th order in the levels and squares of the returns, respectively 
4. Empirical results 
The different volatility regimes found for each FIC are shown in Figure 1, which plots the returns and the 
volatility associated with each subinterval determined by two break points ± 3SD. 
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Fig. 1. Weekly logarithmic returns and sudden changes in variance 
Banat   FIC 1: The first period is characterized by increased volatility, attributed to the immaturity 
of the Romanian capital market, especially considering that securities were strongly underestimated in the past, 
which required major corrections. The fact that non-resident investors were net buyers in 2002 and 2003 
contributed to reducing volatility in the second period. The decrease of inflation in 2004 down to 9.3% for the 
first time in 15 years below 10% led to the lowest level of volatility for FIC1. The transition to the new leu in 
July 1, 2005 boosted capital market transactions, resulting in an increased volatility. Pre-accession preparations 
and the actual accession of Romania to the EU is a stabilizing factor during 2005-2008. Also, increasing the 
threshold for the FIC's ownership from 0.1% to 1% allows access to more serious investors. The maximum 
volatility is recorded during June 2008 - May 2009, due to intense speculation regarding the increase of the 
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FIC's ownership threshold to more than 5%. The last period was marked by the resignations of two members of 
the Board of Directors, following their referral to court for capital market manipulation. However, reducing 
exposure on the banking sector combined with the wave of optimism generated in early 2011 and the listing of 
the Proprietatea Fund have led volatility to a level close to the average recorded in the whole period. 
Moldova FIC 2: After an initial period marked by increased volatility, lower interest rates on the monetary 
market in 2002 and the increasing performance of portfolio companies led to lower volatility. Rising levels of 
investment and private consumption in 2003 and 2004 results in the lowest volatility for the FIC 2 titles. The 
negative impact of the transition to the new leu is also found in the FIC2 case. The period 2005-2008 is 
characterized by rumors of the Romanian Commercial Bank RCB listing. On the other hand, the positive 
influence of Romania's EU accession and the establishment of temporary fiscal relaxation measures for the 
Stock market transactions, in order to support capital market lead to lower volatility. A spectacular volatility, 
over 30%, is due to Catalin  revocation from the Board of Directors, all amid an accelerated 
depreciation of the capital market, influenced by external developments. Speculation on increasing or even 
eliminating the FIC ownership threshold, alongside the increase of the maximum daily variation of the share 
price in 2009 fueled volatility. Internal and external market developments and being the second most profitable 
FIC in the last period led to lower volatility. 
Transilvania FIC 3: As with the other FICs, the initial regime is marked by increased volatility. Lower 
interest rates on the the monetary market together with a strong appreciation of the net asset value per unit 
bring lower volatility, from 8.12% in the previous regime to 6.12%. Economic growth in 2003-2004 combined 
with decreasing inflation resulted in historical lows in the volatility of FIC 3. The EU integration acted as a 
stabilizing factor but the privatization of RCB, rumours regarding  on the Bucharest stock 
exchange BSE and the poor development of capital markets brought by the financial crisis have raised the 
average volatility in 2004-2008. The next regime is characterized by an extremely high volatility due to the 
suspension of trading for the FIC3 shares, following the cancellation in court of a decision of the Extraordinary 
General Meeting of Shareholders from 2007, by which the share capital was increased. Average variance is 
lower in the next regime, though speculation regarding the abolition of the ownership threshold is still 
maintaining a fairly high level of volatility. The sale of Romanian Bank for Development RBD shares and the 
improvement of the BSE indicators have lowered the volatility in late 2010. In the first quarter of 2011, 
however, Romania registers the highest inflation rate in the EU with negative implications on volatility. 
Muntenia FIC 4: Besides the fact that FIC4 registered the lowest average standard deviation in the range 
examined, it is also the title that had the fewest unexpected changes in variance. After an initial period of high 
volatility, Romania's EU accession and substantial increases in net assets due to investments in valuable Rasdaq 
companies contributed to lower volatility between 2002 and 2007. The deterioration of external markets 
alongside intense speculation regarding the FIC ownership threshold and the fact that FIC4 is the only issuer 
out of the five FICs to record a loss at Q3 2009 compared to 2008 are all events causing increased volatility. 
Listing of the Proprietatea Fund benefits the FICs sector, reducing volatility in the fourth period. The first 
quarter of 2011 however, is characterized by increased volatility due to a substantial loss of 4 million lei 
accompanied by increased inflation. 
Oltenia FIC 5: The high volatility registered by FIC5 until 2002 is rather influenced by factors unrelated to 
the company, but common to the whole market. The balance brought by Romania's EU integration, disturbed 
by rumors of the RCB listing on the stock exchange, contribute to lower volatility down to 5.91%. This is the 
longest period a regime of variance is maintained, out of all the analyzed companies April 2002 - July 2008. 
The next year brings increased volatility, based on the exceeding of the 1% threshold 
holdings and his fight with Dinel Staicu for the the presidency of Oltenia FIC. The period 2009-2010 is 
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characterized by the increase of the maximum daily variation rate, with volatility dropping down to 7.8%, but 
still above the average registered throughout the studied period.  
The announcement director and president held in the Oltenia 
FIC following the decision of the Court of Bucharest Sector 4 to imprison him for four years, after which the 
BSE suspended from trading the shares of Oltenia FIC for the first 40 minutes of the 17th of June 2010 session 
led to a significant appreciation of the volatility in May and June 2010. The favourable developments in foreign 
markets and on the BSE resulted in a sharp decline in volatility since July 2010. 
Table 2  Events leading to sudden changes in volatility 
Banat  Crisana FIC  6 unexpected changes 
05/01/2000  08/05/2002 8,58% The growth of unlisted shares in the portfolio, the collapse of the National 
Investment Fund (NIF) 
08/05/2002  09/04/2003 5,57% Non-resident investors were net buyers, the net asset value per unit 
increased by 40%. 
09/04/2003  22/12/2004 3,43% Economic growth, decreasing inflation, the change of capital market 
legislation 
22/12/2004  04/08/2005 8,46%  
04/08/2005  18/06/2008 5,67% the increase of the FIC's ownership threshold. 
18/06/2008  13/05/2009 13,58% 
development 
13/05/2009  30/03/2011 6,78% The resignation of two members of the Board of Directors, reducing 
exposure on the banking sector. 
Moldova FIC  7 unexpected changes 
05/01/2000  21/06/2000 12,09% Stock market immaturity, the undervaluation of securities in the past years, 
the collapse of the NIF. 
21/06/2000  12/02/2003 7,56% Decreasing interest rates, encouragement of exports, the net asset value per 
unit increased by 70%. 
12/02/2003  15/12/2004 4,54% Economic growth, decreasing inflation, the change of capital market 
legislation. 
15/12/2004  04/08/2005 8,41%  
04/08/2005  08/10/2008 6,31% temporary fiscal relaxation measures for the Stock 
market transactions  
08/10/2008  19/11/2008 31,21% 
influence of external markets 
19/11/2008  28/10/2009 11,23% Speculation on the ownership threshold, the increase of the maximum daily 
variation of the share price 
28/10/2009 - 30/03/2011 5,76% External markets development, second most profitable FIC 
Transilvania FIC  7 unexpected changes 
05/01/2000  22/05/2002 8,12% The NIF collapse, the lack of legal provisions to protect minor investors 
22/05/2002  16/04/2003 6,12% The net asset value per unit increased by 62% 
16/04/2003  18/02/2004 2,71% Economic growth, decreasing inflation, the change of capital market 
legislation. 
18/02/2004  11/06/2008 6,12% The RCB privatization, the general depreciation of capital markets, 
 
11/06/2008  25/03/2009 12,15% The suspension of trading for the FIC3 titles 
25/03/2009  25/08/2010 8,22% Speculation r the increase of the 
maximum daily variation of the share price. 
25/08/2010  26/01/2011 3,18% 
and capitalization. 
26/01/2011  30/03/2011 5,43% Highest inflation rate in the EU, the increase of the ownership threshold up to 
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5%. 
Muntenia FIC  4 unexpected changes 
05/01/2000  30/04/2002 9,07% Stock market immaturity, the depreciation of the national currency by more 
than 40%, the NIF collapse. 
30/04/2002  20/06/2007 5,85%  
20/06/2007  30/06/2010 7,71% The negative influence of external markets, speculation regarding the 1% 
 
30/06/2010  26/01/2011 3,70%  
26/01/2011  30/03/2011 5,54% Q1 loss. 
Oltenia FIC  5 unexpected changes 
05/01/2000  30/04/2002 8,26% Lack of legal provisions to protect minor investors. 
30/04/2002  09/07/2008 5,91% The RCB privatization and rumors concerning its listing on the BSE, 
 
09/07/2008  15/04/2009 13% The fight for Oltenia FIC presidency, the negative external capitral market 
development. 
15/04/2009  12/05/2010 7,08% Speculation regardin the increase of the 
maximum daily variation of the share price. 
12/05/2010  30/06/2010 13,79% The suspension from all functions held by Dinel Staicu. 
30/06/2010  30/03/2011 4,89% alization 
The events in bold are the volatility regimes for which the corresponding dummy variables were statistically significant in the 
GARCH(1,1) models, at the 10% significance level 
Once we identified and analyzed the events that led to unexpected changes in variance, they are to be 
incorporated in the GARCH model, in order to capture their effect on the persistence in volatility. In this 
respect, three types of GARCH 1,1 models are estimated: the classic one, which ignores the existence of 
volatility breaks, the one where all the dummy variables are introduced in the variance equation and the one 
where only significant dummy variables are introduced into the model.  
The persistence in volatility, measured by + , approaches the 1 value, for all FICs, when the estimated 
GARCH model does not take into account the structural breaks in volatility detected by the ICSS algorithm. 
Moreover, the estimated coefficients are all significant at a threshold of 1%. The TR2 values deny the existence 
of any ARCH effects in the residue. Also, serial correlation is not found in the residue. 
Table 3  The GARCH 1,1 model, with and without dummy variables 
 
  +  
LM ARCH 
(TR2) 
Q(16) Qs(16) 
Panel A  GARCH(1,1) without dummy variables 
Banat   0,1561*** 0,7676*** 0,9237 1,0809 6,4946 6,0875 
Moldova FIC 0,3183*** 0,5460*** 0,8643 0,0867 7,5330 7,4227 
Transilvania FIC 0,2894*** 0,6291*** 0,9185 0,4090 10,079 9,9634 
Muntenia FIC 0,3214*** 0,6167*** 0,9381 0,9158 20,918 8,3790 
Oltenia FIC 0,1305*** 0,7778*** 0,9083 1,3248 11,748 15,762 
Panel B - GARCH(1,1) with dummy variables 
Banat   0,0289 0,678*** 0,7069 0,1189 5,7656 7,6501 
Moldova FIC 0,1673*** 0,3983*** 0,5656 0,0309 8,7822 12,408 
Transilvania FIC 0,1295*** 0,4425*** 0,572 0,7945 8,7127 11,436 
Muntenia FIC 0,2641*** 0,4904*** 0,7545 1,2041 18,728 8,1698 
Oltenia FIC 0,1380*** 0,5642*** 0,7022 2,5352 9,7687 19,567* 
Panel C  GARCH(1,1) with significant dummy variables 
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Banat   0,1014** 0,6852*** 0,7866 1,1740 7,7459 8,3267 
Moldova FIC 0,1799*** 0,4103*** 0,5902 0,0007 8,0103 10,442 
Transilvania FIC 0,1676*** 0,4825*** 0,6501 0,7406 8,1648 10,800 
Muntenia FIC 0,2836*** 0,4914*** 0,775 1,2519 19,335 7,8101 
Oltenia FIC 0,1396*** 0,5995*** 0,7391 1,4726 10,457 15,366 
 
*, **, *** denote the rejection of the null hypothesis, at 90, 95 and 99% levels, respectively. 
TR2 is an ARCH LM test for autoregressive conditional heteroskedasticity in the estimated variance of residuals (the critical value for the 
1st lag is 2.7055, at a 90% confidence level) 
Q(16) and Qs(16) are the Ljung-Box Q-Statistics for the 16th lag, which tests for serial correlation of residual and squared residual series, 
respectively 
When we include in the variance equation of the GARCH 1,1 model the dummy variables related to the 
moments of sudden changes in variance, there is a significant reduction in volatility persistence, for 
analyzed: 23.47% for FIC1, 34.60% for FIC2, 37.72% for FIC3, 19.57% for FIC4 and 22.69% for FIC5. A 
weak autocorrelation is detected in the squared residue series in the case of Oltenia FIC, but it is significant at a 
confidence level of only 90%, not 99% or even 95%. The introduction in the model of only significant dummy 
variables, at a 90% threshold leads to the rise of volatility persistence, the most significant 
increases being found for FIC1 11.27% and FIC3 13.65%. However, the values are much lower compared to 
the GARCH 1,1 model which ignores the breakpoints. 
5. Concluding remarks 
This study is consistent with the interest shown in the literature for modeling volatility, with an emphasis on 
the problem of time persistent volatility shocks, due to global and regional events. The ICSS algorithm 
identified the moments of unexpected change in the variance of the five most traded shares on the Bucharest 
Stock Exchange in the interval between January 2000 and March 2011. This paper documents a significant 
influence of local factors; the deterioration of external markets due to the financial crisis that started in 2008 is 
the only global significant event that led to changes in variance.  
Apart from a few company-specific events the portfolio management policy, the management of the 
companies, etc., the other events that influence the variability of prices are rather financial and political factors 
influencing the market as a whole. Of these, the integration in the European Union is in most cases a significant 
positive influence, as the continuous Parliament debates on the threshold exerts a negative 
influence on volatility. To remove the fake long memory effect that various shocks induced to volatility, we 
estimated GARCH models which take into account all these events, pointing out a decrease in volatility 
persistence. However, this decrease is slightly overstated, given that not all events and breakpoints in variance 
generated by them are significant. Thus, it is concluded that the best models are those which take into account 
only significant events. 
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